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Abstract 
  i 
ABSTRACT 
The majority of the electricity supplied in Tasmania, Australia, is produced by hydropower. 
Hydro Tasmania, the power generation utility, operates 29 hydropower stations incorporating 
170 km of open channels. These open channels are susceptible to extensive biofilm growth 
dominated by the freshwater diatoms Gomphonema tarraleahae and Tabellaria flocculosa, 
which form a gelatinous biofilm several millimetres thick and cause reductions in flow capacity 
of up to 10%. 
This thesis presents results of a multidisciplinary study on the effects of freshwater biofilms on 
hydropower canal capacity and turbulent boundary layer structure. The extent to which the 
surface roughness affects the structure of the turbulent boundary layer was critically examined, 
in the context of the wall similarity hypothesis. 
A recirculating water tunnel, equipped with a floating element force balance and a two-
dimensional Laser Doppler Velocimetry system, was used to obtain detailed measurements on 
test plates covered with flow-conditioned freshwater biofilms. Total drag measurements, mean 
velocity profiles and turbulent Reynolds stresses were compared for smooth, sandgrain and 
biofouled test plates. An artificial biofilm was developed to study the motion of algae streamers 
under flow conditions. Each test surface was mapped using digital close-range photogrammetry 
to provide a three-dimensional surface model. A logarithmic relationship was found between the 
roughness function and the maximum peak-to-valley height from the photogrammetry 
measurements for the low-form gelatinous biofilms. 
Seven methods for determining the wall shear stress were investigated; however, none of the 
methods examined were entirely satisfactory. A method which can be used for both smooth and 
rough surfaces with reasonable measurement uncertainty is needed to allow objective 
comparison of the structure of smooth and rough wall turbulent boundary layers. 
The presence of biofouling caused a significant increase in the local skin friction coefficient and 
overall drag coefficient with increases in skin friction of up to 210% measured over smooth plate 
values. Results for low-form gelatinous biofilms provided support for the wall similarity 
hypothesis. The biofilms modified the structure of the turbulent boundary layer in the near-wall 
region. Velocity defect profiles, Reynolds stress profiles and quadrant analyses showed good 
agreement for different test plate surfaces in the outer region of the boundary layer. The results 
for an artificial filamentous biofilm were less conclusive, and may not support wall similarity. 
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NOMENCLATURE 
Symbols 
A Cross-sectional area [m
2
] 
B Velocity defect law intercept  
BN Rough wall Nikuradse log law constant (value depends on flow regime) 
C Smooth wall log law constant = 5.0 
CD Total drag coefficient 
D Drag force [N] 
Ed Young modulus for pressure transducer diaphragm [Pa] 
G Velocity defect parameter = ( )Hc f 112 −  
H Boundary layer shape factor = δ
*
/θ or Hyperbolic hole size for quadrant analysis 
P Pressure [Pa] 
Q Volumetric flow rate [m
3
/s] 
Ra Mean of absolute deviation of roughness profile from mean line [mm] 
Re Reynolds number 
ReD Reynolds number based on a diameter = Ud/υ 
Red Pitot probe Reynolds number = Udp/υ 
Rek Roughness Reynolds number = u*ks/υ 
Rek,rough Flows with Rek > Rek,rough are hydraulically rough 
Rek,smooth Flows with Rek < Rek,smooth are hydraulically smooth 
Nomenclature 
  xii 
Rel Test plate Reynolds number = Ul/υ 
Reθ Momentum thickness Reynolds number = Uθ/υ 
RH Hydraulic radius [m] 
Rp Max height of profile above mean line of sample length [mm] 
Rq Root mean square parameter [mm] 
Rt Max peak to valley height of profile of sample length [mm] 
Rv Max depth of profile below mean line of sample length [mm] 
So Slope of channel invert 
St Strouhal number  = fD/U 
T Temperature [
o
C] 
U Freestream streamwise velocity [m/s] 
b Width of test plate [m] 
cf Local skin friction coefficient 
d Diameter [m] 
dp Pitot probe diameter [m] 
df Spacing of interference pattern for LDV [m] 
f Frequency [Hz] 
fd Natural frequency of pressure transducer diaphragm [Hz] 
fD Doppler shift frequency [Hz] 
h Water depth [m] 
Nomenclature 
  xiii 
hd Thickness of pressure transducer diaphragm [m] 
k Roughness height [mm] 
kentry Entry loss coefficient 
kexit Exit loss coefficient 
k
+ 
Roughness Reynolds number = u*Rt/υ 
ks Equivalent sandgrain roughness height [mm] 
l Length [m] 
l
+
 Length of LDV measuring volume in viscous units = lu*/ υ 
n Manning’s n friction coefficient  
nd Poisson’s ratio 
r Radius [m] 
rd Radius of pressure transducer diaphragm [m] 
t Thickness of test plate [m] 
ti Transit time of i
th
 particle through LDV measuring volume [s] 
u Local streamwise velocity [m/s] 
u* Wall shear velocity = (τw/ρ)
½
 [m/s] 
u
+ 
Normalised velocity = u/u* 
∆u
+ 
Roughness function 
 v Local wall-normal velocity [m/s] 
w Local spanwise velocity [m/s] 
Nomenclature 
  xiv 
w(y/δ) Wake function 
x Horizontal distance from leading edge of test plate [m] 
xp Laser penetration depth [m] 
y Distance from wall [m] 
y
+
 Normalised distance from the wall = yu*/ υ  
α Rotation of LDV in xy plane (degrees) 
β Rotation of LDV in yz plane (degrees) 
γ Light extinction coefficient [m-1] 
∆ Change in a variable 
δ Boundary layer thickness at 99% of freestream velocity [mm] 
δw Wall correction for Pitot probe [mm] 
δ* Displacement thickness [mm] 
ε Virtual origin error [mm] 
ηi Transit time weighting factor (defined Equation 5.12) 
θ Momentum thickness [mm] or angle 
κ von Karman constant 
λ Wavelength of laser [nm] 
µ Dynamic viscosity [kg/ms] 
υ Kinematic viscosity [m
2
/s] 
Π Wake strength 
Nomenclature 
  xv 
ρ Density [kg/m
3
] 
ρd Density of pressure transducer diaphragm [kg/m
3] 
τ Shear stress [Pa] 
τw Wall shear stress [Pa] 
+ 
Normalised by u* or u*/υ 
 Time mean value 
‘ Instantaneous fluctuation about the time mean value 
  
Abbreviations 
ADV Acoustic Doppler Velocimetry 
EPS Extracellular polymer substances 
LDV Laser Doppler Velocimetry 
PIV Particle image velocimetry 
UTAS University of Tasmania 
UVP Ultrasonic velocity profiling 
1D One-dimensional 
2D Two-dimensional 
 
  
Nomenclature 
  xvi 
Test Plate Nomenclature 
SP Lab Clean reference plate that remained in the laboratory with a smooth, painted 
substrate 
RP Lab Clean reference plate that remained in the laboratory with a sandgrain 
roughened substrate 
RP1 F1 RP – indicates substrate type (RP = rough plate; SP = smooth plate) 
1 – test plate number (two of each substrate type were deployed in the field) 
F1 – fouled plate number (from 1 – 6, denoting the order in which they were 
removed from the field) 
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